A small subfamily of HMG-box transcription factors, the LEF/TCF group, serves as nuclear transducer of the Wnt-1/Wg signaling cascade. Upon Wnt-1/Wg signaling their members interact with b-catenin and regulate the expression of Xenopus target genes siamois, twin, nodal related-3 or ®bronectin. We have isolated a new HMG-box transcription factor in Xenopus that will be addressed XTcf-4 based on its homology to human and murine Tcf-4. Unlike XTcf-3, which is a maternal gene, and XLef-1 that is expressed after mid blastula transition (Molenaar et al., 1998. Mech. Dev. 75, 151±154), XTcf-4 expression starts at late neurula stage and is restricted to the anterior most midbrain demarcating the forebrain-midbrain boundary. The expression partially overlaps with a broad set of Xenopus Wnt family members in distinct patterns. XTcf-4 transcripts were also found partially co-localized with those of Xaxin, an intracellular antagonist of Wnt-1/Wg signaling. q
Results
In vertebrates the LEF/TCF subfamily of sequence speci®c HMG-box proteins consists of four members, Tcf-1, Lef-1, Tcf-3 and Tcf-4 which all bind to b-catenin. Despite the fact that members of the LEF/TCF family are differently regulated by cofactors like groucho and CtBP , they also differ in their expression patterns. In addition, knock-out approaches in mice reveal that the diverse Tcfs play unique roles in development (van Genderen et al., 1994; Verbeek et al., 1995; Korinek et al., 1998; Galceran et al., 1999) . To understand how a Wnt-1/wg signal is transmitted either into gene activation or repression during development and tissue differentiation, the expression pro®les of the different members have to be elucidated. Because XTcf-3 (Molenaar et al., 1996) and XLef-1 (Molenaar et al., 1998) are the only so far isolated LEF/TCF family members in Xenopus we sought to identify further TCF-homologs.
Using degenerative primers speci®c for the LEF/TCF family (Gradl et al., 1999a) we ampli®ed a 600 bp fragment with highest homology to hTcf-4. This fragment was used as probe to screen a Xenopus cDNA library derived from a kidney epithelial cell line (A6). We cloned a 1800 bp fragment containing an open reading frame of approximately 1400 bp. Because the deduced peptide sequence is closely related to human and murine Tcf-4 (Fig. 1A) we suggest naming the clone XTcf-4 (AccNo AF207708 GenBank). As depicted in Fig. 1A the C-terminus of XTcf-4 shows close similarity to human Tcf-4B and Tcf-4E. In contrast to the mammalian homologs, XTcf-4 contains an insert of 19 amino acids beginning at position 126. The overall amino acid identity of the common sequence region (aa1-430) to hTcf-4 and mTcf-4 is 88 and 87%, respectively. Unlike XLef-1 which is zygotically expressed from MBT onward (Molenaar et al., 1998) or XTcf-3 already present in the unfertilized egg (Molenaar et al., 1996) , XTcf-4 expression starts at late neurula stages as shown by RT-PCR (Fig.  1B) . Whole-mount in situ hybridization indicates localized expression of XTcf-4 in two spots of the brain during the stages 22±36 (Fig. 1C) . Transverse sections in anteriorposterior direction (Fig. 2) reveal that XTcf-4 expression shifts from the dorsal tip to the upper lateral regions of the brain. This explains the double spot pattern viewed from outside (Fig. 1C) . The distinct spatial expression makes XTcf-4 outstanding from XTcf-3 and XLef-1 which show a broader expression pattern in the head (Molenaar et al., 1998) . To localize the XTcf-4 expression more precisely we performed double in situ hybridizations with Xwnt-4, a Xwnt-5a family member, found at the forebrain-midbrain boundary (McGrew et al., 1992) , and Xaxin, an antagonist of Wnt-1/wg signaling, which is expressed in the anterior midbrain (Hedgepeth et al., 1999 , for review see also Gradl et al., 1999b) . The XTcf-4 expression ®eld links both markers (Fig. 2 ) thereby partially overlapping anteriorly with Xwnt-4, which rather labels the thalamus regions, and posteriorly with Xaxin. Thus, XTcf-4 expression is found in the anterior most midbrain (dorsal thalamus), probably demarcating the forebrain-midbrain boundary with its caudal limit, the pretectum. To correlate XTcf-4 expression with Wnt-1/wg signaling we performed double in situ hybridization with the ligands Xwnt-1, Xwnt-2b and Xwnt-3a (Fig. 2) . XTcf-4 expression partially overlaps with these ligands, however, in a very speci®c pattern as veri®ed in transverse sections. Xwnt-1 and Xwnt-3a transcripts co-localize with XTcf-4 only in the dorsal most part of the XTcf-4 expression ®eld. Xwnt2b was found co-expressed with XTcf-4 in anterior, dorsal, and lateral brain regions. Taken into account that Xwnts are secreted proteins signaling over short distances, co-expression but also expression in adjacent cells indicate that XTcf-4 might mediate Xwnt-1 and Xwnt-3a in the dorsal roof and Xwnt-2b signaling in the more lateral part of the caudal diencephalon. Additionally, Xaxin expression in the dorsal posterior part of the XTcf-4 ®eld (pretectum) might restrict XTcf-4 mediated Wnt-1/wg signaling to the dorsal anterior part of the thalamus. 
Methods

Cloning of XTcf-4
A Xenopus A6 cell cDNA library was screened at high stringency with a 600 bp RT-PCR fragment (Gradl et al., 1999a) . Overlapping cDNA fragments, containing either the 5 H -or the 3 H -end of XTcf-4 were cloned in pBluescript. One of the 5 H clones (16BIV) consisting of a 250 bp 5 H untranslated region up to bp 950 of the open reading frame was used as whole-mount probe. Based on the sequence data of the 5 Hand 3
H -clones, primer were designed to amplify the entire open reading frame of XTcf-4 from A6 cell cDNA.
Expression studies
Ampli®cation of XTcf-4 and H4 was performed as previously described (Gradl et al., 1999a) . Plasmids for antisense probes were as previously published: for Xwnt-1 and Xwnt-3a in Wolda and Moon (1992) , for Xwnt-2b in Landesman and Sokol (1997) , for Xwnt-4 in McGrew et al., 1992) , and for Xaxin in Hedgepeth et al. (1999) . In situ hybridization was performed as described elsewhere (Hollemann et al., 1999) .
